ABSTRACT
maximum dry density (MDD), and California bearing ratio (CBR) corresponding to specimens 119 compacted using standard compaction effort are presented. In two of the selected research 120 works, WFS was used solely without being mixed with other materials. In the others, however,
121
it was blended with bentonite (Abichou et al., 2000) , mixed with cement (Naik et al., 2001) , or 122 used together with geosynthetics (Guney et al., 2006) . Generally, just a few research works WFS that is intended to be used (FHWA, 2004) . Furthermore, the majority of the recent 142 research works only focus on the properties of the blends in which WFS is used as a component, 
Materials and Methods

159
The WFS and RG used in this research were provided from a recycling construction and 160 demolition facility in Melbourne, Australia. The WFS was black in color, due to the presence 161 of contaminants, during operational works. The RG was a mixed colored glass, which is too 162 fine a material to be color sorted back into bottle-making, and thus enters the waste stream (Arulrajah et al., 2014b) . Figure 1(a) shows a photo of WFS while Figure 1(b) shows a photo 164 of RG.
165
The particle size distribution of WFS was obtained using ASTM D6913-04 (2009) . In addition 166 to the sieves recommended in the standard, 2.36 mm, 1.7 mm and 1.18 mm sieves were used 167 so that a more precise PSD was achieved. Also, 250 g samples were used so that overloading 168 limits for each sieve according to ASTM D6913-04 (2009) was met. Specific gravity (Gs) of 169 the material was obtained using ASTM D854-14 (2014) . In this regard, 100 g of dry material 170 was used and method B (Procedure for oven-dry samples) was applied using a 500 mL 171 pycnometer. Deairing was done using a vacuum pump and a shaking contains about 2% fines, has a Dmax of 2.36 mm, and has a Cc lower than 6. Therefore, it is 213 classified as poorly graded sand while RG is well graded sand. Atterberg limit tests are not 214 applicable for these materials, due to very low percentage of fine particles. In the majority of 215 the research works mentioned in the introduction section, WFS was poorly graded. RG. The compaction curve shows that compared to RG, WFS has lower MDD, even though 218 WFS has greater specific gravity value. This is attributed to the fact that the RG blend was 219 well-graded, whereas WFS blend is poorly-graded. Also, greater OMC of WFS suggests that 220 water absorption of this material is higher than that of RG. The MDD of WFS falls in the range 221 of typical foundry sand (without fine particles) available in the literature (Table 1) No significant reading was observed on the dial gauges after 96 hours of submerging the CBR 227 specimens in water, suggesting that these materials were non-swelling and contained negligible 228 or low percentage of clay. CBR was then conducted on the specimens. Figure 4 presents the 229 stress-penetration curves for WFS and RG. CBR values for WFS were greater than the typically specified within the range of 2% to 5%. This is the local road authority specification 231 requirements for a structural fill material in road embankments. Therefore, WFS meets the 232 requirements to be used in road applications, to RG. Evidently, RG achieves greater CBR 233 values than WFS, which can be attributed to its larger particle size, as well as a well-graded 234 particle size distribution. The CBR value of the WFS is close to the lower limit of the typical 235 WFS presented in (FHWA, 2004) . However, the minimum CBR value reported in the literature 236 was 4.3 and belongs to Kleven et al. (2000) .
237
Hydraulic conductivity of the WFS was 5.20 x 10 -8 m/s, which is highly lower than that of RG
238
(9.79 x 10 -6 ). Permeability of the WFS used in this research is a bit greater than the lower limit 239 presented in Table 1 for typical WFS without fine particles, but falls between the range 240 presented by Abichou et al. (2000) . Generally, permeability of WFS tends to be lower than 241 typical sand and is not therefore considered as a freely draining material (Partridge et al., 1999) .
242
This makes it suitable for construction materials where low permeability is required, such as 243 landfill covers, liners, and even earth dam cores (Deng and Tikalsky, 2008) .
244
A summary of the geotechnical properties of WFS is presented in water, it can be expected that in case of using this material in the field and event of storm water 276 passing through the material, the concentration of heavy metals will be less than what reported 277 in Table 4 . This means that the material will not pose any risk to the ground water tables or
278
water streams beyond what is commonly accepted for fill material and solid inert waste. analyses, the WFS is found to be suitable as a non-structural fill material for road 287 embankments. As a structural fill material in road embankments, the particle size distribution 288 of the aggregates meets the requirements of local road authority specifications.
289
Evidently recycled materials will contribute to total energy savings considering the effects of 
296
Earlier studies revealed that the use of RG as engineering material is able to save total energy with the aim of using a 100% recycled blend is recommended. A field trial on WFS will 317 furthermore provide conclusive evidence of actual performance of this material under actual 318 loading conditions. In regards to environmental assessment, as some contaminants (although 319 below specified limit) are present in the WFS sample, it is recommended to investigate whether 320 concentrations of contaminants can be reduced through some soil treatment, i.e. soil washing.
321
Conclusions
322
A series of geotechnical and environmental tests were conducted on WFS and benchmarked 323 against RG to evaluate the engineering properties of WFS and to investigate the viability of 324 using this by-product of foundry industries in road construction. WFS were found to meet the 325 local road authority requirements as a non-structural fill and pipe bedding material. 
